Gap functions and Lyapounov functions

M. Pappalardo^∗ M. Passacantando^†

April 10, 2002

Abstract:

Equilibrium problems play a central role in the study of complex and competitive systems. There are many classical examples both in engineering science (traffic network equilibrium problems, for example), and in economics (oligopolistic market equilibrium, for example). Many variational formulations of these problems have been presented in these years. So, variational inequalities are very useful tools for the study of equilibrium solutions and their stability. More recently two dynamical models of equilibrium problems based on projection operators were proposed. The first type is known as locally projected dynamical system, the second one is designated as globally projected dynamical system. The equilibrium points of these systems are the solutions to the associated variational inequality (VI) problem. A very popular approach for finding solution of these VI and for studying its stability consists in introducing the so-called ”gap-functions”, while stability analysis of an equilibrium point of dynamical systems can be made by means of Lyapunov functions. We here show strict relationships between gap functions and Lyapunov functions

Key words: variational inequalities, gap functions, projected dynamical systems, equilibrium solutions, stability analysis, Lyapunov functions.

∗Department of Applied Mathematics, via Bonanno 25/b, 56126 - PISA, Italy †Department of Mathematics, via Buonarroti 2, 56127 - PISA, Italy

References

[1] Cavazzuti E., Pappalardo M. and Passacantando M., Nash equilibria, variational inequalities and dynamical systems, (2001), 1-15.

[2] Friesz T. L., Bernstein D. H., Mehta N. J., Tobin R. L., Ganjlizadeh S., Day-to-day dynamic network disequilibria and idealized traveler information systems, Operations Research 42 (1994), 1120-1136.

[3] Fukushima M., Equivalent differentiable optimization problems and descent methods for asymmetric variational inequality problems, Mathematical Programming 53 (1992), 99-110.

[4] Hirsch M. W., Smale S., Differential equations, dynamical systems, and linear algebra, Academic Press, New York London, 1974.

[5] Kinderlehrer D., Stampacchia G., An introduction to variational inequality and their application, Academic Press, New York, 1980.

[6] La Salle J., Lefschetz S., Stability by Liapunov’s direct method with applications, Academic Press, New York London, 1961.

[7] Nagurney A., Zhang D., Projected dynamical systems and variational inequalities with applications, Kluwer Academic Publishers, Dordrecht, 1996.

[8] Pappalardo M., Passacantando M., Stability for equlibrium problems: from variational inequalities to dynamical systems, Preprint 13 del Dipartimento di Matematica Applicata, Universita’ di Pisa, submitted to J.O.T.A. (2001), 1-17.

[9] Xia Y. S., Wang J.On the stability of globally projected dynamical systems, Journal of optimization theory and applications 106 (2000), 129- 150.